Signaling in time and space: G protein-coupled receptors and mitogen-activated protein kinases.
Because of their central role in the cellular response to growth factors, assays of MAP kinase activity are commonly used in pharmaceutical screening efforts aimed at detecting chemical modifiers of growth regulatory pathways. As our understanding of the complexity of signal transduction networks expands, however, it is becoming apparent that previously unappreciated temporal and contextual factors have profound effects on MAP kinase function. This is exemplified by recent studies of the regulation of the ERK1/2 MAP kinase cascade by GPCRs. Depending on receptor and cell type, GPCR stimulation of ERK1/2 can reflect a heterogenous array of signaling events. Activation of second messenger-dependent protein kinases and cross talk between GPCRs and receptor or nonreceptor tyrosine kinases can all induce ERK1/2 activation. Furthermore, a growing body of data indicates that the mechanism of ERK1/2 activation is a major determinant of ERK1/2 function. Activation of a nuclear pool of ERK1/2 as a consequence of cross talk between GPCRs and growth factor receptor tyrosine kinases may provide a mitogenic stimulus. In contrast, activation of ERK1/2 in localized pools on the membrane or confined to endosomal vesicles through the utilization of focal adhesions or beta-arrestins as "scaffolds" may spatially constrain ERK1/2 activity and favor the phosphorylation of nonnuclear ERK substrates. Findings such as these suggest that screening strategies that use single readouts of MAP kinase activity or function are likely to miss important signaling events, and point to the need for a multidimensional approach to MAP kinase-based screening efforts.